Binding of cysteine thiolate to the Fe(III) heme complex is critical for the function of heme sensor proteins.
Heme sensor proteins function in response to the availability of the heme iron complex. The heme iron complex per se becomes the first signal for various important physiological functions of these proteins. The role of the heme iron complex in heme sensors is distinct from those of prototype heme proteins, such as hemoglobin, cytochromes c and P450, in which the heme iron complex is the functional center. For heme sensor proteins, association/dissociation of the heme iron complex regulates physiological processes, including catalysis, transcription, and other functions essential for cell survival. Importantly, the main binding/sensing site of the heme iron complex in heme sensor proteins is cysteine thiolate, which is critical for the heme sensing function. The role of the cysteine thiolate in heme sensor proteins differs from that of the P450 system, in which the cysteine thiolate donates an electron to activate molecular oxygen bound to the heme iron complex trans to cysteine thiolate to facilitate the monooxygenase reaction. In this review, we discuss heme proteins with cysteine thiolate as the heme axial ligand, and summarize recent studies on heme sensor proteins and their molecular mechanisms. In particular, we focus on the controversial role of the heme iron complex in transcriptional regulation associated with circadian rhythms.